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1
SENSOR AND SIGMA-DELTA CONVERTER

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the priority of Swiss patent appli-
cation 0377/00, filed Feb. 25, 2000, the disclosure of which
is incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

The invention relates to a sensor for determining at least
one parameter and a sigma-delta converter.

Sensors of this type usually posses a measuring cell
generating an analog voltage signal. The voltage signal is
fed to a sigma-delta converter for being converted to a
digital signal.

Sigma-delta converters are circuits by means of which
analog signals can be converted into digital signals. They
usually comprise an amplifier with feedback capacitor and
input capacitors and a comparator as well as switches for
switching the various capacitors with a given clock and
depending on the comparator. The output signal of the
comparator can be evaluated statistically by being fed to a
filter, e.g. a counter. The number of pulses per time unit
determined by the counter are, in most of the embodiments
of such converters, proportional to the input voltage.

Usually, one of the input capacitors is connected via a first
switch to the voltage to be measured, and a second one of the
input capacitors is connected via a second switch to a
reference voltage. By suitable operation of the converter
these two voltages can be compared to each other in quan-
titative manner.

In order to obtain an accuracy as high as possible,
sigma-delta converters are often built symmetrically and
have two separated amplifier channels. Each amplifier chan-
nel has its own feedback capacitor and its own input
capacitors, and the channels are being switched oppositely.
The comparator compares the signals of both channels.

SUMMARY OF THE INVENTION

In an especially advantageous embodiment of a sensor
with sigma-delta converter one of the capacitors of the
converter is designed as a measuring capacitor the capaci-
tance of which depends to the parameter to be measured. In
a first aspect of the invention it is an object to increase the
accuracy of this sensor.

According to the invention, the sigma-delta converter is
designed symmetrically and possesses two oppositely
switched amplifier channels, wherein at least one measuring
capacitor is arranged in each channel.

The measuring capacitor can, for example, comprise a
dielectric, the dielectric constant of which depends on the
parameter to be measured, e.g. a humidity content.

Especially accurate measurements result if one of the
input capacitors is a compensation capacitor which is being
switched opposite to the measuring capacitor. Hence, the
charges of both capacitors are subtracted and the voltages
become smaller. Preferably, the measuring capacitor and the
compensation capacitor are approximately equally large,
and in particular designed in the same manner, in order to
obtain a compensation that is as good as possible.

The sigma-delta converter can comprise several groups of
input capacitors that are selectively connected to the ampli-
fier input. In this way measurements with both groups can be
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carried out. For example, one group can be used for mea-
suring an analog signal and the other for evaluating the
measuring capacitor.

The present sensor is especially suited for measuring a gas
composition, e.g. the humidity of a gas, because there are
especially suited measuring capacitors for such purposes.

Calibratable sigma-delta converters with adjustable sen-
sitivity and/or offset are used often for sensors. Hence, in a
second aspect of the invention it is an object to provide a
sigma-delta converter that can be calibrated accurately with-
out complicated circuitry.

In a first embodiment of the sigma-delta converter,
roughly and finely graded reference voltages are provided
for calibration, which are fed into the sigma-delta converter
via simultaneously or oppositely switched switches such that
an addition or subtraction occurs. The roughly graded ref-
erence voltage can be regulated over a larger range than the
finely graded reference voltage. In this way a much larger
resolution can be achieved for a given number of grades of
the reference voltages. The reference voltages can e.g. be
generated by feeding voltages from a graded voltage divider
to an analog mutliplexer. One end of the voltage divider
should in this case be set to the working potential of the
sigma-delta converter. This has the advantages that varia-
tions of this potential do not affect the measurement.

In a second embodiment of the sigma-delta converter at
least one of the capacitors and/or a reference voltage is
designed to be variable. For correcting the output signal
according to given calibration data, the variable capacitor or
the variable voltage, respectively, is varied during a mea-
suring interval such that e.g. a part of the measuring interval
is run at a first setting and another part at a second setting of
the converter. Due to the compensating effect of the filter an
average between both settings is measured. As a measuring
period extends over many clock cycles of the converter, a
very accurate calibration can be obtained by suited choice of
the parts of the measuring interval even though the number
of different values that the variable capacitor or the variable
voltage can take is small.

Preferably at least one of the capacitors at the input or in
the feedback branch of the sigma-delta converter is designed
to be variable and consists e.g. of two parallel sub-
capacitors. The sub-capacitors are interconnected at a first
one of their terminals. The other terminal of one of the
sub-capacitors is selectively connected to an input of the
amplifier stage or to the ground potential. As the input of the
amplifier stage is also substantially at ground potential,
voltage or current peaks while switching can be avoided in
this way.

BRIEF DESCRIPTION OF THE DRAWINGS

Further embodiments, advantages and applications of the
invention are given in the dependent claims and the now
following description by reference to the figures, which
show:

FIG. 1 a block diagram of a preferred embodiment of a
sensor according to the invention,

FIG. 2 the sigma-delta converter of the circuit of FIG. 1,

FIG. 3 a part of the reference voltage source of the circuit
of FIG. 1,

FIG. 4 a schematic arrangement of the capacitors of the
sensor on a semiconductor chip,

FIG. 5 a schematic illustration of a first embodiment of a
variable capacitor,

FIG. 6 a schematic illustration of a second embodiment of
a variable capacitor, and
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FIG. 7 a schematic illustration of a controllable reference
voltage source.

WAYS FOR CARRYING OUT THE INVENTION

The most important parts of a preferred embodiment of a
sensor according to the invention are shown in FIG. 1. It is
designed to determine the water content and the temperature
of a gas.

For measuring the water content, the sensor comprises
two measuring capacitors Cla, C1b. Such capacitors are
known to the person skilled in the art. They e.g. possess
interdigital electrodes, on top of which a polymer layer is
arranged. The polymer layer absorbs, depending on air
humidity, water, whereby it changes its dielectric constant.
Hence, the capacitance of the capacitor is a function of the
humidity to be measured.

The measuring capacitors Cla, C1b are part of a sigma-
delta converter 1, which is described below in further detail.

According to FIG. 1, the sensor further comprises a
temperature measuring unit 2 for temperature
measurements, which generates a voltage signal Vtemp,
which is a function of the environmental temperature. The
voltage signal Vtemp is fed to the sigma-delta converter 1
and is processed in the manner further explained below.

Furthermore, the sensor comprises a reference voltage
source 3, by means of which various auxiliary voltages for
the operation of the sigma-delta converter 1 can be gener-
ated. The design of the reference voltage source 3 is
described further below.

In addition to this, the sensor comprises a control unit 4,
by means of which the functions of the individual parts can
be monitored and coordinated, and which generates a clock
signal for the sigma-delta converter, which defines the clock
cycle of the sigma-delta converter 1. Control 4 can further
comprise processing electronics which further process the
output signal of the sigma-delta converter and deliver it to a
suited interface.

Finally, the sensor has a voltage supply 5, the purpose of
which it is to generate, from two operation voltages Vcc and
Vss, an additional potential lying between these voltages,
the analog ground.

The components shown in FIG. 1 are preferably all
integrated on a semiconductor chip.

The design of the sigma-delta converter 1 is shown in
FIG. 2. The converter shown here is a symmetrically
designed converter with two channels that are being
switched oppositely. For this purpose, it comprises an invert-
ing two-channel amplifier 8 with two inputs 9, 10 and two
outputs 11, 12.

Arranged in the feedback loop of each channel, there are
feedback capacitors Cfl and Cf2, respectively, which are
bridged by switches Sfla or Sf2q, and which can be
switched off by means of switches Sfl1b and Sf2b, respec-
tively.

Several input capacitors are arranged at input 9, 10 of
each channel. Tw input capacitors for each channel, the
reference capacitors Crefcl, Creffl and Crefc2, Creff2 are
continuously connected to the amplifier input 9 or 10,
respectively. Of four further input capacitors per channel,
two can be connected at a time via a switch Sm to the
amplifier input 9 or 10. In a first position of the switch Sm,
a first compensation capacitor Crl and Cr2 and the measur-
ing capacitor Csl or Cs2, respectively, are selected, in a
second position a second compensation capacitor Crtl and
Crt2 and a temperature capacitor Ctempl and Ctemp2.
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Arranged in front of each input capacitor is a switch
Srefcl, Sreffl, Srtl, Srl, Stempl, Ssl or Crefc2, Sreff2,
Srt2, Sr2, Stemp2, Ss2, by means of which the input
capacitors can selectively be connected to analog ground or
to an input voltage Vrefc, Vreff, Vrt, Vr, Vtemp or Vs,
respectively. The analog ground corresponds to the operat-
ing point of amplifier 8, i.e. to the potential that the outputs
of the amplifier assume for closed switch Sfla or Sf2q,
respectively.

The outputs 11, 12 of the amplifier are led through
sample-and-hold units with capacitors Cshl and Csh2,
respectively, and compared in a comparator 13. The output
14 of the comparator is fed to a counter 15, which generates
the output signal Out of the sigma-delta converter in known
manner by determining the number of transitions of the
output signal of comparator 13 in a given measuring
interval, wherein the measuring interval encompasses a
number of N>>1 of clock cycles.

A switch control unit 16 controls the positions of the
switches Srefcl, Sreffl, Srtl, Srl, Stempl, Ss1 and Crefc2,
Sreff2, Srt2, Sr2, Stemp2, Ss2 at the inputs as well as the
switches Sfla, Sf1b and Sf2a, Sf2b in the feedback loops.
For this purpose, it uses the clock signal from control unit 4
of the sensor as well as the output signal 14 of the com-
parator.

The principle of operation of sigma-delta converters is
known to the person skilled in the art and does not need to
be repeated here. For controlling the switches there are,
however, different possibilities. In the present embodiment
the switches are controlled as follows:

In the feedback loop corresponding switches of both
channels are switched simultaneously and in the same
phase, i.e. Sflag in the same manner as Sf2a and Sflb
in the same manner as Sf2b.

The switches at the inputs of the input capacitors of the
two channels are operated oppositely in such a manner
that the two amplifier outputs 11, 12 have, in respect to
analog ground, opposite sign. Hence, switch Ss1 is e.g.
switched oppositely to Switch Ss2, Switch Srl oppo-
sitely to switch Sr2, etc. In the following we therefore
only look at the upper channel: The switches of the
lower channel are merely being switched oppositely to
the corresponding switches of the upper channel.

The switches Srefcl, Sreff1 are preferably switched oppo-
sitely such that the charge flows in the reference
capacitors Crefcl, Creffl have opposite sign for equal
reference voltages Vrefc and Vreff.

The switches Srl and Ssl are switched oppositely such
that the charge flows in the capacitors Crl and Csl1 have
opposite sign for equal reference voltages Vr and Vs.

Switch Stemp1 is switched in the same way as switch Ssl,
switch Srtl in the same way as switch Srl.

Switch Srefcl is operated in the same way or oppositely
to switch Ssl depending on the output value of com-
parator 13. For this purpose, switch Srefcl (and there-
fore also Sreff1) can e.g. be controlled depending on the
output value of comparator 13, while switch Ss1 (and
therefore also Srl) is controlled independently of the
output value of comparator 13.

The position of switch Sm is not selected by switch
control unit 16 but by control unit 4 of the sensor. With its
help it can be selected if the temperature or the humidity is
to be measured by means of the sigma-delta converter.

In the following the input voltages of the sigma-delta
converter and their purposes are discussed. Also here, only
the upper channel of the sigma-delta converter is referred to
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because in the lower channel the same voltages are applied

and the processes take merely place with opposite sign.

Vrefe, Vreft:

Vrefe is a roughly graded reference voltage and Vreff is a
finely graded reference voltage. As described below,
Vrefe can be varied in a large voltage range and Vreff in
asmall voltage range, wherein the small voltage range lies
approximately at the center of the large voltage range. As
the switches Srefc and Sreffl are switched in opposite
manner, the charges Vreff/Creffl and Vrefc/Crefcl are
subtracted in each cycle of the sigma-delta converter in
order to generate a reference charge

QOrefl=Vrefc/Crefcl - Vreff/Creffl,

which is charged to Cf1 or discharged from Cf1.

The reference charge Qrefl is, as described further below,
used for calibrating the slope of the sigma-delta converter.
By using a finely and a roughly graded reference voltage for
generating the reference charge, it is possible to regulate the
reference charge over a wide range in fine manner. As the
capacitors Creffl and Crefcl have approximately the same
size, the reference charge Qrefl is substantially proportional
to the difference Vrefc-Vreff. Hence, Vrefc can be used for
roughly setting Qref, while a fine correction is then possible
with Vreff.

Vs, Vr:

Vr is a roughly graded compensation voltage and Vs is a
finely graded measuring voltage. As described further
below, Vs can be varied in a large voltage range and Vr in
asmall voltage range, wherein the small voltage range lies
approximately in the center of the large voltage range. As
the switches Ssl and Srl are switched in opposite manner,
the charges Vr/Crl and Vs/Csl are subtracted in each
cycle of the sigma-delta converter in order to generate a
measurement charge

Os1=Vs/Cs1-V1/Crl,

which is charged to Cf1 or discharged from Cf1.

Csl or the value Vs/Csl is the quantity that is to be
determined by the sigma-delta converter. By variation of the
voltages Vs and Vr it is therefore possible to substantially set
an offset of the sigma-delta converter or to carry out an offset
correction. Also here, by using a roughly and a finely graded
voltage a fine regulation in a large range becomes possible.
Even though the voltage Vs also has a multiplicative influ-
ence on the output signal, this influence is small, because it
can only be varied over a small range, and it can be
compensated by Vreff and Vrefc.

Vtemp, Vrt:

Vtemp is the voltage generated by temperature measurement
unit 2, the value of which depends on the temperature to
be measured. Vrt is a compensation voltage. As the
switches Stemp and Srt are switched oppositely, the
charges Vrt/Crtl and Vtemp/Ctempl are subtracted in
each cycle of the sigma-delta converter in order to gen-
erate a measurement charge

Qtempl=Vtemp/Ctempl-Vit/Crtl,

which is charged to Cf1 or discharged from Cf1.

Hence, it is also possible in this case to carry out an offset
correction by varying Vrt.

As mentioned, for measuring the humidity, the switch Sm
is in the lower position of FIG. 2. Hence, the components
required for temperature measurement are inactive.

The voltages Vrefe, Vreff, Vs and Vr are set in a calibra-
tion measurement. Here, as mentioned, Vs and Vr primarily
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define the offset of the response curve of the sigma-delta
converter and Vrefc and Vreff its slope.

A change of the capacitance of capacitor Csl or Cs2 can
then be determined as a change in the output signal of the
sigma-delta converter.

If the temperature is to be measured, switch Sm is brought
into the upper position of FIG. 2. At the same time, the
values of Vrefc and Vreff are changed, i.e. the reference
voltage source 3 yields, depending on the current measuring
mode (humidity, temperature) different values for Vrefc and
Vreff. Also here, Vrt defines an offset of the response curve
of the sigma-delta converter and Vrefc and Vreff its slope. A
change in the temperature or the voltage Vtemp can then be
determined as a change of the output signal of the sigma-
delta converter.

Reference voltage source 3 is a further aspect of the
present invention. For generating the voltages Vrefc and
Vreff or Vs and Ve, respectively, reference voltage source 3
has to be able to generate roughly and finely graded volt-
ages.

A circuit for generating such an voltage pair is shown in
FIG. 3. It comprises a voltage divider 20, one end of which
lies on analog ground and the other end of which is con-
nected to the negative supply voltage Vss. In the present
embodiment, it comprises approximately 120 resistors of the
value R and 32 resistors of the value R', which are arranged
in series, wherein first there are about 60 resistors of the
value R, then the 32 resistors of the value R', and finally
again approximately 60 resistors of the value R. The resis-
tors are chosen such that R=32R'. The voltage difference
between analog ground and the negative supply voltage Vss
is approximately 1.23 Volt such that there is a voltage drop
of approximately 10 mV over each resistor R and of approxi-
mately 0.32 mV over reach resistor R'.

Afirst analog demultiplexer 21 is provided for generating
a roughly graded voltage Ve (corresponding e.g. to Vrefc or
Vr). The inputs of the first demultiplexer 21 are taps between
the resistors with value R as well one tap at each the
beginning, the center and the end of the 32 resistors of value
R'. A digital control input Call defines which of the inputs
of the demultiplexer 21 is connected to the output Ve.
Hence, by means of control input Call, the voltage at output
Ve can be set in steps of approximately 10 mV in a range
between 0 and -1.23 V (in respect to analog ground). Since
the first demultiplexer has not more than 128 inputs, control
input Call does not need more than 7 bits.

A second analog demultiplexer 22 is provided for gener-
ating a finely graded voltage Vf (which e.g. corresponds to
Vreff or Vs). The inputs of the second demultiplexer 22 are
arranged between the 32 resistors of value R'. A digital
control input Cal2 defines which of the inputs is connected
to output Vf. Hence, by means of control input Cal2, the
voltage at output Vf can be set in steps of approximately
0.32 mV in a range of approximately -0.63 to -0.65 V (in
respect to analog ground). As the second demultiplexer has
32 inputs, control input Call does not need more than 5 bits.

The values applied to control inputs Call and Cal2 are
read from a non-volatile memory programmed during cali-
bration of the sensor.

If, as in the present embodiment, more than two reference
voltages have to be generated, a corresponding number of
demultiplexers is to be provided, each of which can tap its
voltages from the same voltage divider 20.

A second method for calibrating the sigma-delta
converter, which can be carried out alone or in combination
with the above method, is based on using variable capacitors
or reference voltages and is described further below.
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As already mentioned, the functional elements shown in
FIG. 1 can all be integrated on a single semiconductor chip.
This is schematically shown in FIG. 4.

The two measuring capacitors Cs1, Cs2 are arranged side
by side on the semiconductor chip 25. They are formed by
interdigital electrodes 26, 27 on top of which a polymer
layer 28 (shown in dashed lines) is arranged.

The compensation capacitors Crl and Cr2 are built in the
very same manner as the measurement capacitors Csl, Cs2
and posses the same size, but they are not covered by a
polymer layer but by a suited passivation layer, e.g. of glass.
This has the advantage that certain causes of errors are
reduced automatically because the switches Scl and Srl
(and Sc2 and Sr2) are switched in opposite manner. For
example, changes in capacitance caused by temperature
changes of the semiconductor chip 25 compensate each
other as long as Vs is approximately as large as Vc.

It is also possible that the passivation layer as well as the
polymer layer 28 extend over all capacitors Cs1, Cs2, Crl,
Cr2, which simplifies production and furthermore allows a
good protection of all capacitors. In this case, the layers over
the individual capacitors differ, however, in thickness. For
example, the passivation layer over the compensation
capacitors Crl, and Cr2 can be chosen to be so thick that the
electric field does not extend into the polymer layer arranged
on top of it.

The remaining elements of the sensor are schematically
shown by a rectangle 30.

The sensor concept shown here can be changed in various
ways. For example, it is also possible to use an asymmetric
sigma-delta converter with only one amplifier channel—this
affects the accuracy of the device but reduces the complexity
of the circuit.

In the embodiment described above the sigma-delta con-
verter has an analog measurement input Vtemp, by means of
which the temperature is measured. This measurement input
is, however, also suited for determining other voltage values
or parameters, such as e.g. a pressure.

For a fine adjustment of the offset, in the above described
embodiment Vs can be varied. Alternatively, voltage Vs can
also be set to a fixed value and an additional input capacitor
with variable input voltage can be provided for each
channel, which feeds a charge contribution that is much
smaller than the one from Cs.

In the embodiment of FIG. 2, the measurement capacitors
Cs1 and Cs2 were used as input capacitors. It is, however,
also possible to use the measurement capacitor as feedback
capacitor.

Alternatively or in addition to the above methods for
calibration, one or more capacitors in the sigma-delta con-
verter can be designed to be variable. This is illustrated in
FIG. 5. As in FIG. 4, a capacitor C, e.g. a measurement
capacitor Csl or Cs2, is formed by interdigital electrodes.
One side of the capacitor C consists of a first, broad
interdigital electrode 32, while the other side consists of
several sub-electrodes 33-1, 33-2, 33-3, 33-4. Sub-clectrode
331-1 comprises one electrode finger, sub-electrode 33-2
two, sub-electrode 33-3 four and sub-electrode 33-4 eight. In
this way capacitor C is divided into several sub-capacitors
C1, C2, C3 and C4, wherein the number of interdigital
electrodes of the i-th sub-capacitor Ci is equal to 27, i.e. the
sizes of the sub-capacitors have binary weights.

The sub-electrodes 33-1 . . . 33-4 are selectively con-
nected to input 9 or 10, respectively, of amplifier 8 or to
analog ground via switches S1 . . . S4. The switches
S1 ... S4 are controlled by the control units 4 and 16.
Depending on the position of the switches, the capacitance
of capacitor C can be increased in steps of ¥is of the total
capacitance.
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The attribution of the interdigital electrodes to the sub-
capacitors is symmetric to a central line of capacitor C
running parallel to the interdigital electrodes. This has the
advantage that a possible linear capacity gradient over the
capacitor has no influence on the capacitance of the sub-
capacitors.

A simpler embodiment of a variable capacitor is shown in
FIG. 6. Here, the capacitor has merely been divided into two
equal sub-capacitors C1, C2. The sub-capacitors are inter-
connected at one of their terminals while the other terminals
are connected via the switches S1, S2 either to the input 9
or 10, respectively, of amplifier 8 or to analog ground. The
switches S1, S2 are again controlled by the control units 4
and 16. One of the switches can also be dispensed with if
only two different values of capacitance are desired. In this
case one of the sub-capacitors is used continuously while the
other is only added if required.

The embodiments of FIGS. 5 and 6 allow to set the
capacitance of a capacitor in 2 or 16 steps, respectively. This
is enough for a rough calibration, but for a fine calibration
additional measures have to be taken.

For this purpose, a technique can be used that can be
applied generally in sigma-delta converters and the appli-
cation of which is not limited to sensors or to the embodi-
ments of FIGS. 1-4.

In this technique it is exploited that a sigma-delta con-
verter carries out a summation, average or filtering of
charges over a plurality of clock cycles. If, as e.g. shown in
FIG. 4, the output filter is a counter 15, this counter counts
the number of charge units transported through the converter
during a measuring interval of N>>1 clock cycles.

If one of the capacitors of the sigma-delta converter is
now, e.g. as in FIG. 6, divided into two sub-capacitors C1
and C2, it is e.g. possible to operate C1 and C2 in parallel
during n measurement cycles. During the remaining N-n
measurement cycles, only C1 is in operation, while C2 is
connected to ground via switch S2. Over the whole mea-
suring interval, there results therefore an average effective
capacitance of C1+C2-n/N for the capacitor. As N is much
larger than 1, it is possible, in this manner, to adjust the
capacitance of the capacitor very finely. Switching the
switch Scl or Sc2 between the individual clock cycles does
not cause any electric noise because the inputs of the
amplifier are substantially at ground potential such that a
switching to ground does not cause a voltage jump.

This technique can be used for one or more of the input
or feedback capacitors in a sigma-delta converter in order to
set the effective capacitance of this capacitor and therefore
to correct the offset or slop of the converter. As the effective
capacitance of the capacitor can be set very finely, it may, in
some situations, not be necessary anymore to use adjustable
reference voltages as they are used in the embodiment of
FIG. 2.

This technique can also be used, in corresponding manner,
for reference voltages. For this purpose, a reference voltage
as schematically illustrated in FIG. 7 is used. It possesses a
binary control input S, depending on which it generates two
ifferent reference voltages V1 and V2.

If one of the reference voltages at the input capacitors of
a sigma-delta converter, such as the reference voltage Vs or
Vrefe in the embodiment of FIG. 2, is generated with the
circuit of FIG. 7, it is e.g. possible to generate the voltage V1
during n measurement cycles of a measuring interval, while
the voltage V2 is generated during N-n measurement cycles.
Over the whole measurement interval, there therefore results
an average effective voltage of (n'V1+(N-n)-V2)/N. Hence,
similar to the example with a variable capacitor, the effective
voltage can be adjusted finely.
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This technique can be used for any input voltage or
reference voltage of a sigma-delta converter and it can
replace or complement the solution shown in FIGS. 2 and 3.

The technique of the variable capacitors or reference
voltages is not limited to capacitors or reference voltages
that can be switched between only two values. It is also
possible to operate the capacitor of FIG. 5 with this
technique, wherein the capacitance of the capacitor is
switched back and forth between those two settings that
come closest to the desired effective value.

While, in the present application, there are described
preferred embodiments of the invention, it is to be distinctly
understood that the invention is not limited thereto but may
be otherwise practiced within the scope of the following
claims.

What is claimed is:

1. A sensor for determining at least one parameter with a
sigma-delta-converter comprising

Switched capacitors comprising at least two input capaci-
tors and at least one feedback capacitor, wherein at least
two of the capacitors is a measuring capacitors
designed so that their respective capacity depends on
the parameter to be determined; and

two oppositely switched amplifier channels wherein one
of said measuring capacitors is arranged in each ampli-
fier channel.

2. The sensor of claim 1 wherein the measuring capacitors
are input capacitors.

3. The sensor of claim 1 wherein the measuring capacitor
comprises a dielectric the dielectric constant of which
depends on a parameter to be measured, and wherein the
measuring capacitor comprises interdigital electrodes on top
of which the dielectric is arranged.

4. The sensor of claim 1 wherein the two measuring
capacitors are of substantially equal design and are arranged
symmetrically in the measuring channels.

5. The sensor of claim 1 wherein the sigma delta converter
comprises at least one amplifier stage with an input and a
first and a second group of input capacitors, which can be
selectively connected to the input by means of switches so
that measurements can be carried out with the first as well
as the second group.

6. The sensor of claim 5 wherein at least one capacitor of
the first group is connected to an analog measurement input
and the measuring capacitor is part of the second group, and
the sensor comprises a temperature measuring unit con-
nected to the analog measuring input.

7. A sensor for determining at least one parameter with a
sigma-delta-converter comprising

Switched capacitors comprising at least two input capaci-

tors and at least one feedback capacitor, wherein at least
two of the capacitors are measuring capacitors designed
so that their respective capacity depends on the param-
eter to be determined; and
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two oppositely switched amplifier channels wherein one
of said measuring capacitors is arranged in each ampli-
fier channel

wherein at least one of the input capacitors is a compen-
sation capacitor and the compensation capacitor can be
connected to a compensation potential via a compen-
sation switch and the measuring capacitor to a sensor
potential via a sensor switch, wherein the compensation
switch is switched substantially in opposite manner to
the sensor switch.

8. The sensor of claim 7 wherein the compensation
capacitor and the measuring capacitor have substantially the
same capacitance, are arranged on a common substrate, and
comprise interdigital electrodes.

9. A sensor for determining at least one parameter with a
sigma-delta-converter comprising

Switched capacitors comprising at least two input capaci-
tors and at least one feedback capacitor, wherein at least
two of the capacitors are measuring capacitors designed
so that their respective capacity depends on the param-
eter to be determined; and

two oppositely switched amplifier channels wherein one
of said measuring capacitors is arranged in each ampli-
fier channel

wherein at least one of the measuring capacitors consists
of at least two parallel sub-capacitors at least one of
which can selectively be added by means of control
unit.

10. The sensor of claim 9 wherein the measuring capacitor
comprises interdigital electrodes, wherein a first part of the
interdigital electrodes is attributed to the first sub-capacitor
and a second part of the interdigital electrodes to the second
sub-capacitor, and the attribution of the interdigital elec-
trodes is symmetric to a central line of the measuring
capacitor running parallel to the interdigital electrodes.

11. The sensor of claim 10 wherein the measuring capaci-
tor comprises more than two sub-capacitors, wherein the
number of interdigital electrodes attributed to the i-th sub-
capacitor is proportional to 2°.

12. A sensor for determining at least one parameter with
a sigma-delta converter, said sigma-delta converter compris-
ing

switched capacitors comprising at least two input capaci-

tors and at last one feedback capacitor;

two oppositely switched amplifier channels; and

at least two measurement capacitors arranged as two of
said switched capacitors in each of said amplifier
channels, wherein the capacity of each measurement
capacitor depends on the parameter to be determined.

#* #* #* #* #*



